We previously demonstrated that RanBP9 overexpression increased Aβ generation and amyloid plaque burden, subsequently leading to robust reductions in the levels of several synaptic proteins as well as deficits in the learning and memory skills in a mouse model of Alzheimer's disease (AD). In the present study, we found striking reduction of spinophilin-immunoreactive puncta (52%, p b 0.001) and spinophilin area (62.5%, p b 0.001) in the primary cortical neurons derived from RanBP9 transgenic mice (RanBP9-Tg) compared to wild-type (WT) neurons. Similar results were confirmed in WT cortical neurons transfected with EGFP-RanBP9. At 6-months of age, the total spine density in the cortex of RanBP9 single transgenic, APΔE9 double transgenic and APΔE9/ RanBP9 triple transgenic mice was similar to WT mice. However, in the hippocampus the spine density was significantly reduced (27%, p b 0.05) in the triple transgenic mice compared to WT mice due to reduced number of thin spines (33%, p b 0.05) and mushroom spines (22%, p b 0.05). This suggests that RanBP9 overexpression in the APΔE9 mice accelerates loss of spines and that the hippocampus is more vulnerable. At 12-months of age, the cortex showed significant reductions in total spine density in the RanBP9 (22%, p b 0.05), APΔE9 (19%, p b 0.05) and APΔE9/RanBP9 (33%, p b 0.01) mice compared to WT controls due to reductions in mushroom and thin spines. Similarly, in the hippocampus the total spine density was reduced in the RanBP9 (23%, p b 0.05), APΔE9 (26%, p b 0.05) and APΔE9/RanBP9 (39%, p b 0.01) mice due to reductions in thin and mushroom spines. Most importantly, RanBP9 overexpression in the APΔE9 mice further exacerbated the reductions in spine density in both the cortex (14%, p b 0.05) and the hippocampus (16%, p b 0.05). Because dendritic spines are considered physical traces of memory, loss of spines due to RanBP9 provided the physical basis for the learning and memory deficits. Since RanBP9 protein levels are increased in AD brains, RanBP9 might play a crucial role in the loss of spines and synapses in AD.
Introduction
Alzheimer's disease (AD) is a progressive neurodegenerative disease of the elderly characterized by two neuropathological hallmarks, extracellular amyloid plaques and intraneuronal neurofibrillary tangles (Goedert and Spillantini, 2006) . The progression of disease pathology is further accompanied by a marked loss of synapses. Synapse loss which best correlates with cognitive impairment (DeKosky and Scheff, 1990; Scheff et al., 1990 Scheff et al., , 2007 Terry et al., 1991) has been reported as an early event in the pathogenesis of AD. In fact, dendritic spines which are considered structural correlates of learning and memory (Alvarez and Sabatini, 2007; Nimchinsky et al., 2002) have been reported to be substantially reduced in AD brains (Fiala et al., 2002; Knobloch and Mansuy, 2008; Merino-Serrais et al., 2013) . Since dendritic spines represent the major postsynaptic elements of excitatory synapses in the brain and are fundamental to long-term potentiation (LTP) and long-term depression (LTD), which are considered the predominant cellular mechanisms that underlie learning and memory (Cooke and 
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